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METHOD AND APPARATUS FOR 
MANUFACTURING ACTIVE 
MATRIX DEVICE INCLUDING TOP 

GATE TYPE TFT 

Background of Invention 

L0001 ] FIELD OF THE INVENTION 

[0002] The present invention relates to a method and an apparatus for manufacturing 
an active matrix device including aTiT. More particularly, the present invention 
relates to a method and an apparatus for enabling efficient manufacturing of an 
active matrix device by including a top gate type TFT. 

[0003] BACKGROUND ART 

[0004] A top gate type TFT is a thin-film transistor structure frequently used in a 

device including an active matrix structure (referred to as an active matrix device, 
hereinafter). Such frequent use of the top gate type TFT is attributed to the fact 
that as it can be manufactured with a smaller number of manufacturing process 
than that for a conventional bottom gate type TFT, TFT manufacturing costs and 
thus manufacturing costs of the active matrix device can be reduced. As a device 
using such an active matrix structure, a liquid crystal display or an 
electroluminescence display (EL display) using an oxide or an organic material can 
be cited. 

[0005] 

In the conventional manufacturing process of the top gate type TFT, P doping 
is normally carried out by using phosphine (PH ) to form a contact layer. In this 
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process, source and drain electrodes are doped with P by spraying plasma 

generated by gas containing PH on tlie surfaces of the source and drain 

3 

electrodes. In the region doped with P, the doped P species migrate during the 
formation of an Amorphous Silicon (a-Si) layer carried out after P doping, and the 
corresponding region forms an n+ layer. 

[0006] During the P doping, PH is used as described above, and chemical species 

containing P are generated by forming plasma. Thus, chemical species containing P 
remain in a processing chamber for performing each following processes, in most 
cases in the inner wall of a vacuum container. Such chemical species containing P 
left In the inner wall of the processing chamber are taken in an a-Si layer or a gate 
insulating film during the formation of the Amorphous Silicon (a-Si) layer or an 
Silicon Nitride (SiNx) layer used as the gate insulating film, which is carried out 
after P doping. Consequently, an OFF-state current of the TFT is deteriorated. 

[0007] To remove such an adverse effect of the P doping step, the conventional 

manufacturing process of the top gate type TFT generally employs a method of 
using a typical single wafer CVD device, executing P doping and formation of an a- 
Si layer and a gate insulating film in a plurality of different processing chambers, 
and then carrying a substrate doped with P among these processing chambers in 
vacuum. 

[0008] However, in the foregoing manufacturing method of the top gate type TFT 

using the plurality of processing chambers, the deterioration of TFT characteristics 
is inevitable. This problem occurs because of the sticking of so-called degassed 
components to the a-Si layer and the gate insulating film. Such degassed 
components are emitted from the inner wall of the processing chamber to both 
surfaces of the source and drain electrodes during vacuum-carrying from one 
processing chamber to another, 

[0009] g^^^ -|-py manufactured without such inconvenience by 

using a plurality of different processing chambers, e.g., two processing chambers, 
to execute P doping and form an a-Si layer and a gate insulating layer, 
respectively. However, the use of two processing chambers may reduce TFT 
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throughput, leading to a considerable reduction in productivity, and manufacturing 
costs for an active matrix device including the top gate type TFT may even be 
raised. 

[001 0] Considering the foregoing problems, there is a need to provide a 

manufacturing method and a manufacturing apparatus, which are capable of 
preventing any adverse effects from being given to TFT characteristics, improving 
productivity, and reducing manufacturing costs for an active matrix device 
including a top gate type TFT. 

n Summary of Invention 

1' ^- - ? 

fi [001 1] In accordance with an aspect of the present invention made with the foregoing 

problems in mind, a manufacturing method of an active matrix device including a 

01 top gate type TFT is provided. This manufacturing method comprises a process of 

J forming the top gate type TFT, comprising the steps of: forming an oxide film on 

^ an inner wall of a CVD processing chamber; arranging a substrate having source 

III and drain electrodes formed therein in the processing chamber; doping the source 

St and drain electrodes with P; and forming an a-Si layer and a gate insulating film in 

O the processing chamber. 

[001 2] In accordance with another aspect of the present invention, a manufacturing 
apparatus for an active matrix device including a top gate type TFT is provided. 
This apparatus comprises a CVD processing chamber for forming the top gate type 
TFT. A removable oxide film is formed on an inner wall of the processing chamber 
for forming the top gate type TFT, and P doping and formation of an a-Si layer and 
a gate insulting film are carried out in the same processing chamber. 

[001 3] Now, the present invention will be described in detail with reference to the 
accompanying drawings. In this case, an active matrix device is assumed to be 
applied as a liquid crystal display. It should be understood that the embodiments 
shown are only illustration of the present invention, and thus the present invention 
is not limited to the embodiments. 

Brief Description of Drawings 
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[001 4] Fig. 1 is a schematic sectional view showing a structure of a top gate type TFT 
included in an active matrix device manufactured according to the present 
invention. 

[001 5] Fig, 2 is a flowchart showing a manufacturing process of the active matrix 
device including the top gate type TFT according to the present invention. 

[0016] Fig. 3 is a schematic sectional view showing a manufacturing apparatus of the 
active matrix device including the top gate type TFT according to the present 
invention. 

[001 7] Fig. 4 is a graph showing a TFT characteristic of the top gate type TFT included 
in the active matrix device manufactured according to the present invention. 

[001 8] Fig. 5 is an upper surface view showing the active matrix device including the 
top gate type TFT manufactured according to the present invention. 

Detailed Description 

[0019] According to the present invention, the process of forming the top gate type 
TFT may further comprises the process of removing the oxide film from the inner 
wall after the formation of the a-Si layer and the gate insulating film. In the present 
invention, the oxide film should preferably contain SiOx. The active matrix device 
should preferably be a liquid crystal display in the present invention. Further, 
according to the present invention, the active matrix device should preferably be 
an electroluminescence display. 

[0020] 

Fig. 1 is a schematic view showing in section a top gate type TFT structure 
using an a-Si layer, which is included in an active matrix device applied as a liquid 
crystal display formed by a manufacturing method of the present invention. As 
shown in Fig. 1 , the top gate type TFT manufactured according to the present 
invention includes a light shielding layer 2 provided on a glass substrate 1 to 
prevent a light from being made incident from the same, and an insulating layer 3 
provided to cover the glass substrate 1 and the light shielding layer 2. On the 
surface of the insulating film 3 opposing to the glass substrate 1, drain and source 

Page4 



electrodes 4 and 5 are formed. The top gate type TFT shown in Fig. 1 further 
includes an a-Si layer 5 formed to cover the drain and source electrodes 4 and 5, 
and a gate insulating film 7 formed as an upper layer of the a-Si layer 6 by 
depositing, for example, SINx, A gate electrode 8 is provided on the gate insulating 
film 7, and thus a device structure is provided to enable ON/OFF operations. 
According to the present invention, in order to form the foregoing components, 
any materials and structures that have been known can be used. If the present 
invention is applied to an electroluminescence display, among the above 
components, any insulative substrate can be used instead of the glass substrate 1. 
If an opaque insulative substrate is used, then it is not necessary to use the light 
shielding layer 2. 

[0021] Fig. 2 is a flowchart showing a manufacturing process used by the present 
invention to manufacture the top gate type TFT shown in Fig. 1 . In this top gate 
type TFT manufacturing process, in step 201 , the insulating film 3 is formed on the 
glass substrate 1 having the light shielding layer 2 formed therein. Then, after the 
drain and source electrodes 4 and 5 are formed in step 202, an oxide film is 
formed on the inner wall of a processing chamber in step 203. Then, in step 204, 
plasma is formed by exciting a P supply source such as PH , and the drain and 
source electrodes 4 and 5 are doped with P. By such P doping, an N+ layer is 
formed from P contained in the drain and source electrodes 4 and 5 during the 
deposition of a-Si carried out after this doping step, and thereby a contact layer is 
formed. 

[0022] After the doping step, in the top gate type TFT manufactured by the present 
invention, the a-Si layer 6 is formed in step 205, and then the gate insulating film 
7 is formed by depositing SiNx on these structures in step 206. Then, the oxide 
film is removed when necessary like that in step 207. This removing step of the 
oxide film will be described in detail later. Further, in the top gate type TFT, the 
gate electrode 8 is formed in step 208. According to the manufacturing process of 
the present invention, the steps 204, 205 and 206 shown in Fig. 2 can be carried 
out in one and the same processing chamber. 
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[0023] Onto the oxide film, cliemical species containing P are stuck only to an extent 
that subsequent steps are not adversely affected by the chemical species. 
Accordingly, after the formation of a top gate type TFT structure, while the oxide 
film is left intact, the process can return to step 204 to form a next top gate type 
TFT as indicated by the process II of Fig. 2. In addition, according to the present 
invention, after the top gate type TFT manufacturing like that indicated by the 
process II of Fig. 2 is executed by a certain number of times, without removing the 
oxide film, the process can return to step 203 to form a new oxide film in such a 
way as to cover the existing oxide film, and then further top gate type TFT 
Q manufacturing can be carried out. 

ul [0024] Further, according to the present invention, as indicated by the process II of 

Fig. 2, after the top gate type TFT structure manufacturing is executed a certain 

^ number of times, the oxide film can be removed in order to maintain the 

LiJ characteristics of the manufactured top gate type TFT. Such an oxide film removal 

'^^ can be carried out, if SiOx is used as the oxide, by reacting it with a compound 

IJI such as SF or NF . If the oxide film other than the above is used, it can be 

5 3 

ifl removed by a conventionally known method such as used in a dry etching method. 

After the removal of the oxide film, as shown in Fig. 2, the process can return to 
the oxide film formation of step 203, and the manufacturing process of the 
present invention can be repeated from the step 203 of forming the new oxide film 
on the inner wall of the processing chamber. 

[0025] In the manufacturing of the top gate type TFT by the method of the present 
Invention, after the foregoing execution of P doping, the a-Si layer 6 and the gate 
insulating film 7 need to be formed by a CVD method or the like. According to the 
present invention, however, by seasoning or pre-coating the inner wall of the 
processing chamber with the oxide film so as to prevent the chemical species 
containing P from being stuck to the inner wall thereof, in the manufacturing 
process, the necessity of using a plurality of processing chambers is eliminated. 
Thus, the characteristics of the active matrix device including the top gate type TFT 
can be improved, and production efficiency can also be increased. 
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[0026] As for the sticking of the chemical species containing P on performing the 

doping as described above, absorption of the p-containing chemical species on the 
inner wall of the processing chamber or diffusion thereafter may occur. Therefore, 
the seasoning of the inner wall of the processing chamber with the film causing no 
adsorption or difficult adsorption if any of the P-containing chemical species 
generated by performing the doping can effectively prevent the sticking of the P- 
containing chemical species. The P-containing chemical species of the present 
invention mean, for instance, any chemical species containing PH ^ itself, and what 
generated in plasma using PH . 

[0027] According to the present invention, the oxide film has been found to be most 
suitable as a film to be used for the seasoning or the pre-coating. For this 
purpose, various oxide films are available. For example, one may be enumerated 

from SiOx, A' 2 ^ 3 ' "^'^ 2 ' ^' 2 2 ° 5 4 ' 2 ° 4 ' ^""^ 
other oxide films, all of which can be formed by any film formation method such as 

a CVD method or the like. 

[0028] A particularly preferred oxide film according to the present invention is 
specifically a film containing SiOx. Such a film containing SiOx can be 
manufactured by various methods. For example, the film can be formed by mixing 
a compound for supplying Si atoms with a compound for supplying oxygen, and 
then using a proper film formation method such as a plasma CVD method or a 
thermal CVD method. 

[0029] Regarding the compound for supplying Si atoms, one may be selected from SiH 
, SiH F, SiH F ^ , SiH CI, Si H . Si H . SiH , (OCH ), SiH (OCH ) 



4' 3'-'^'"2'2'"'"3"'' 2"5'-' 3"'8"^" 3^^ 3" 2' 3 
, SiH (OCH ^ ) ^ . Si (OCH ^ ) ^ , Si ^ (OC 2 H ^ ), SiH 2 (OC 2 H ^ ) 2 . SiH (OC 2 H 

) and Si (OC H ) . For the compound for supplying oxygen, one may be 
5 3' 254 

selected from N O, NO , and H O. However, there should be no limitations 

2 2 2 

place on these compounds, and any conventionally known compounds can be 

used. For forming an oxide film other than SiOx, one may also be selected from 

conventionally known compounds such as metal alkoxide. 

[0030] ^ shows conditions for seasoning the inner wall of the processing chamber using 
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SiOx as an oxide film. Table 2 shows a result of the sticking amounts of P elements originat 
from P-containing chemical species included in SiOx compared with that in the metal film, 
which was made by using Electron Spectroscopy for Chemical Analysis (ESCA), i.e., X-ray 
Fluorescence Spectroscopy (XPS). In this case, for the metal, MoW which is a representative 
metal used for various electrodes was used. In Table 2, each embodiment shows a result 
obtained under each condition shown in Table 1 . 
[tl] 
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[Table 1] 





Condition 


RF power (mj/s) 


rressure 
{ra) 






Condition 1 


OUU 


QQ QQ7 






Condition 2 


OKA 


'^Q QQ7 






Condition 3 


OUU 




1 non 




Condition 4 


750 


oy.yy r 






Condition 5 


600 


oy.yy/ 






out lutllUf 1 \J 




99 992 


1,000 




Condition 7 


750 


99.992 


1,000 




Condition 8 


750 


99.992 


3,000 




Condition 9 


250 


99,992 


3,000 


- 


Condition 10 


250 


159.986 


2,000 




Condition 1 1 


600 


159.986 


1,000 




Condition 12 


750 


159.986 


2,000 


!■ 


Condition 13 


500 


159.986 


3,000 




[t2] 
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[Table 2] 



Sample No. 


P/metal 


P/SlOx 


Ratio 1 


Embodiment 1 


222.11 


9.72 


22,85082 


Embodiment 2 


287.48 


0.36 


798.5556 


Embodiment 3 

ill K/ Wi« lit ( V*-t Ik V 


194.81 


4.39 


44.37585 


Embodiment 4 


189.61 


6.62 


28.64199 


Embodiment 5 


219.92 


7.35 


29.92109 


Embodiments 


215.52 


5.84 


36.90411 


Embodiment 7 


217.39 


7.57 


28.71731 


Embodiment 8 


170.22 


3.07 


55.44625 


Embodiment 9 


314.57 


6.58 


47.80699 


Embodiment 10 


324.52 


5.05 


64.26139 



[t3] 
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[Table 2 Continued] 



Embodiment 11 


266,19 


8.47 


31.42739 


Embodiment 12 


23871 


4.41 


54.12925 


Embodiment 13 


327.26 


10.83 


30.21791 



[0031] 



As shown in Table 1 , under a condition 2 where the RF output is low and the 
pressure inside the CVD processing chamber is low, the amount of P stuck to the 
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metal is considerably smaller than that of P stuck to SiOx as indicated by the 
embodiment 2 in Table 2. Therefore, by coating the inner wall of the processing 
chamber with SiOx and selecting the condition for executing the P doping, the 
effect of P-containing chemical species can be prevented in subsequent steps, and 
the P doping and the formation of an a-Si layer 6 and a gate insulating film 7 can 
be carried out in a single processing chamber. 

[0032] Fig. 3 is a schematic view showing in section the manufacturing apparatus of 
the active matrix device including the top gate type TFT of the present invention, 
which is constructed by using, for example the CVD processing chamber of a 
parallel flat-plate type. The manufacturing apparatus of the active matrix device 
including the top gate type TFT of the present invention comprises: a processing 
chamber 9 for executing a CVD process with the inside set in a vacuum state; a 
vacuum system 1 0 for reducing the pressure of the processing chamber 9; a gas 
supply system 1 1 for supplying a gaseous starting material used for film formation 
by a CVD method; and a high-frequency power source 12 for generating plasma in 
the processing chamber 9. An RF electrode 1 3 and a counter electrode 1 4 are 
arranged inside the processing chamber 9: the counter electrode 14 being set as 
an anode; and the RF electrode 1 3 as a cathode. The RF electrode 1 3 is formed in 
the shape of a shower head 1 3a for efficient film formation, and a film is formed 
on the glass substrate 1 set on the counter electrode 14. 

[0033] shown in Fig. 3, an oxide film 1 5 is formed on the inner wall of the 

processing chamber 9. This oxide film 1 5 can be formed by supplying a proper 
gaseous starting material from the gas supply system 1 1 before the P doping step, 
and then using, for example a plasma CVD method. The formation of this oxide 
film 1 5 can be executed as an initial step in the manufacturing process, or if 
possible between specified steps in the manufacturing process as occasion 
demands. As described above, by seasoning the inner wall of the processing 
chamber 9 with the oxide film 1 5 before the step of doping P, P-containing 
chemical species never or hardly get stuck to the inner wall of the processing 
chamber during the doping P step. Accordingly, the possibility of adversely 
affecting the subsequently-executed formation of an a-Si film and an SiNx film by 
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the P-containing chemical species can be eliminated. 

[0034] No particular limitation is placed on a thickness of the oxide film 1 5. If it is too 
thin, however, the inner wall of the processing chamber 9 cannot be sufficiently 
covered. To prevent the sticking of P-containing chemical species, a thickness of 
the oxide film 1 5 should preferably be set equal to 50 nm or higher, for example 
approximately 100 nm. In addition, to facilitate the deposition of the oxide film 1 5 
on the inner wall, means for heating the inner wall may be provided in the 
processing chamber used in the manufacturing apparatus of the present invention. 

[0035] Fig. 4 shows a TFT characteristic of the top gate type TFT included in the active 
y matrix device manufactured by the manufacturing method of the present 

P invention. In Fig. 4, the TFT characteristic is shown with an abscissa set as a gate 

2 voltage and an ordinate set as a current Ids flowing between the source and the 

drain electrodes. A plot (a) of Fig. 4 indicates a TFT characteristic of the top gate 
hi type TFT of the present invention obtained by seasoning the inner wall of the 

processing chamber with SiOx. The seasoning by using SiOx to obtain the 
in characteristic (a) of Fig. 4 used SiH and N O as gaseous starting material is 

m obtained by forming the film on the inner wall of the processing chamber by the 

.b ^ 

O CVD method under the condition 2 of Table 1 . A plot (b) of Fig. 4 indicates a TFT 

characteristic of the top gate type TFT obtained for the purpose to compare with 
seasoning the inner wall of the processing chamber with a-Si. As indicated by (a) of 
Fig. 4, a good OFF characteristic is obtained in the embodiment of processing 
chamber of which the inner wall is coated with SiOx, On the other hand, regarding 
the TFT characteristic of the top gate type TFT obtained by using the processing 
chamber of which the inner wall is coated with a-Si, an OFF characteristic is not 
enough and, it can be understood that the sticking of P to the a-Si layer 6 or the 
gate insulating film 7 gives the adverse effect. 

[0036] 

Fig. 5 is a schematic upper surface view showing a pixel pattern of the active 
matrix device manufactured according to the present invention. The active matrix 
device shown in Fig. 5 includes a plurality of pixel electrodes 1 7 arranged on a TFT 
array substrate 1 6 using a-Si. In Fig. 5, a gate line 1 8 and a signal line 1 9 form a 
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plurality of matrices to surround the pixel electrode 1 7, and at an Intersection 
point thereof, the drain 4 and source 5 electrodes and the gate electrode 8 
constitute a top gate type TFT. The pixel electrode 1 7 is made of a transparent 
conductive material such as ITO, ATO, SnO ^ , IZO or the like. This pixel electrode 
17 is connected to the source electrode 5 of the top gate type TFT, and the drain 
electrode 4 is connected to the signal line 1 9. The active matrix device shown in 
Fig. 5 may include a Cs line 20 for providing an accumulation capacity Cs. 

[0037] For the active matrix device including the TFT array substrate 1 6 manufactured 
by the present invention, regarding a manufacturing process of the top gate type 
TFT other than that described above, any manufacturing methods and processes 
that have conventionally been known can be used. In addition, the active matrix 
device of the present invention can be used for driving, for example a liquid crystal 
display or an electroluminescence display. For the manufacturing of a similar active 
matrix device constructed by using the TFT array substrate 1 6, the use of the 
manufacturing method and the manufacturing apparatus of the present invention 
is preferable. 

[0038] The present invention has been described in detail with reference to the 

embodiments shown in the drawings. However, the present invention should not 
be limited to the shown embodiments and, needless to mention, any 
conventionally known device structures for the top gate type TFT, materials for the 
respective components and film formation methods can be used for the present 
invention. 
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